Twenty Polypay-sired ewes (Group P) and 14 SufFok ewes (Group S) were bled at 48-h intervals for 10 d beginning on April 6, 1989, and the serum was assayed for progesterone to determine which ewes were anestrous; 9/20 Group P ewes were anestrous, compared with 14/14 Group S ewes (P < .001). Catheters were placed into the jugular vein of anestrous ewes from both breed groups (eight of Group P, seven of Group S), and samples of serum were collected at 12-min intervals for 4 h. Then, the ewes were exposed to mature, intact rams, and additional samples were taken at 12-min intervals for 4 h after ram exposure. The serum was later analyzed to determine the secretion of LH in response to ram introduction. After the acute bleeding period, all Group P and Group S ewes were commingled and exposed to a ram continuously for 42 d. Samples of serum were collected thrice weekly and analyzed for progesterone to monitor ovulatory response to ram introduction through the 42-d period. In addition, breeding activity and lambing data were recorded. When all Group P ewes were compared to Group S ewes, a greater proportion (P < .001) of Group P ewes were mated (20120 vs 3/13; one Group S ewe died during the 42d mating period) by the end of the 4 2 6 period and more (P < .001) ewes lambed in the fall (17/20 Group P vs 2/13 Group S). Furthermore, when the reproductive responses of only anestrous ewes at ram introduction were compared, a greater proportion (P c .001) of anestrous Group P ewes were mated and lambed (9D and 8/9, respectively) than Group S ewes (3/13 and 2/13, respectively). The average concentration of LH was increased (P = .07), and the frequency of pulses of LH tended to be increased (P < .13) in both breeds of ewes after introduction of the ram, and these increases did not differ between the two breed groups. Finally, the profiles of progesterone during the period of ram exposure indicated that a greater proportion (P < .001) of anestrous Group P ewes had consecutive ovulations (more than one full-length luteal phase) after ram introduction (9/9 anestrous Group P) than Group S ewes (4/13). Thus, most Group S ewes either ovulated and had only one fulllength luteal phase (6/13) or failed to have a full-length luteal phase (3/13) after ram introduction. Results of the current study do not support the hypothesis that ewes of highly seasonal genotypes respond more poorly to ram introduction than ewes of less seasonal genotypes because they fail to release LH acutely upon ram introduction. Rather, anestrous ewes of more highly seasonal genotypes seem to be less likely to have more than one fulllength luteal phase after ram introduction; therefore, they are less likely to be mated in spring for fall lambing. With the foregoing in mind, an experiment was designed to evaluate between-heed variation in the ability of anestrous ewes to respond reproductively to ram introduction. We hypothesized that anestrous ewes of some genotypes failed to respond to introduction of rams because they failed to release LH acutely upon ram introduction. In this study, the ewes compared were Suffolk and (Polypay x [Rambouillet x Dorset]); these genotypes of ewes were chosen because of their relative failure (Minton, 1989) and success (J. E.
lntroductlon
The ability of rams to stimulate ovulation in anestrous ewes is wellestablished (see Knight, 1983 for review). This effect is due largely to the immediate and impressive release of LH in ewes previously isolated from contact with rams ( M a r t i n et al., 1980, 1983) . However, some breeds or crosses seem to be more easily stimulated by ram introduction than others. Fewer Hampshire ewes than Dorset ewes ovulated and mated when exposed to rams in May or June (Nugent et al., 1988) . In addition, nulliparous Suffolk ewes completely failed to ovulate in response to introduction of rams in April (Minton, 1989) .
With the foregoing in mind, an experiment was designed to evaluate between-heed variation in the ability of anestrous ewes to respond reproductively to ram introduction. We hypothesized that anestrous ewes of some genotypes failed to respond to introduction of rams because they failed to release LH acutely upon ram introduction. In this study, the ewes compared were Suffolk and (Polypay x [Rambouillet x Dorset]); these genotypes of ewes were chosen because of their relative failure (Minton, 1989) and success (J. E.
Minton, unpublished data), respectively, in spring-mating regimens.
Mabrlals end Methods
Multiparous Suffolk (n = 14; Group S) and (Polypay x wambouillet x Dorset]) (n = 20; Group P) ewes, which had lambed in January and had weaned their lambs (March 31, 1989) were used in the experiment. Ewes had been isolated from rams since the breeding season of the previous fall. All ewes were bled by jugular venipuncture every 48 h for 10 d (beginning on April 6, 1989), and concentrations of progesterone in serum were used to identify cyclic and anestrous ewes. Ewes were judged to be anestrous if progesterone never exceeded 1 ng/ml during the 1Od period.
On (Minton, 1990 ).
The RIA used to quantify LH in serum was that reported previously (Minton, 1990) . The between-and within-assay CV averaged 13.3 and 11.4%. respectively. Pulsatile secretion of LH was determined with the aid of an algorithm (Merriam and Wachter, 1982) adapted for a personal computer (Gitzen and Ramirez, 1987) . The proportion of ewes within each breed that was mated by the ram and the proportion lambing was analyzed by chi-square tests.
Based on profiles of progesterone, the proportion of anestrous ewes within each group that:
1) ovulated (once or twice) and had more than one full-length luteal phase, 2) ovulated and had only a single full-length luteal phase, or 3) did not develop a full-length luteal phase in response to the ram also were analyzed by chisquare tests. The average concentration of LH, the number of pulses of LH, and the amplitude of pulses of LH before and after ram exposure were analyzed with a split-plot ANOVA with breed of ewe as a source of variation in the main plot (tested by the ewe within-breed mean square) and time (before and after ram exposure) and the breed x time interaction as sources of variation in the subplot. The number of lambs from each ewe given an opportunity to be mated was analyzed by one-way ANO-VA. One Group S ewe died a few days into the ram exposure period, leaving only 13 ewes for analysis of data collected after ram introduction (profiles of progesterone, mating, and lambing).
Results
The mating and lambing responses of both groups of ewes are represented in Figure 1 . First, based on the initial evaluation of progesterone in serum collected for 10 d before the onset of ram exposure, more (P < .001) Group P ewes (11/20) than Group S ewes (0/ 14) were cycling. The mating (20/20) and lambing (17120) responses of all Group P ewes, regardless of cycling status, were greater (P e .001) than those of Group S ewes (3/13 and 2/13, respectively). Because all Group S ewes were anestrous at the onset of ram exposure, we felt that the most appropriate comparison would be between anestrous Group P and Group S ewes Figure 1 , middle and bottom panels). Even in this regard, more (P e .001) anestrous Group P ewes than Group S ewes were mated (9/9 vs 3/13) and lambed (8/9 vs 2/13). Because of the superior lambing rate of Group P ewes, it was not surprising that the lamb crop of these ewes (number of lambs per ewe exposed to the ram) far exceeded (P e .005) that of Group S ewes (1.33 f .22 vs .31 f .18 lambs/ewe exposed).
The concentrations of LH and the amplitude and frequency of pulses of LH were similar between anestrous Group S and anestrous Group P ewes before introduction of the ram (Figure 2 ). After introduction of the ram, average concentration of LH increased (P = .07), and the frequency of pulses of LH tended to be increased (P e .13) in both groups of ewes. However, the amplitude of pulses of LH was not changed significantly after ram introduction. Importantly, the changes in average concentration and number of pulses of LH did not differ between Group S and Group P ewes.
The profiles of progesterone (Figure 3 ) in anestrous Group S and Group P ewes wefe classified into three categories. With only one exception, the first category ( p i p 3, top panel) always was associated with mating; this group included ewes that had more than one full-length luteal phase after ram introduction. More (P < .01) anestrous Group P (9D) than Group S (4/13) ewes responded in this manner.
The second type of progesteme profile (Figure 3 , middle panel) was due to a single full-length luteal phase and included only ewes that were not mated (6/13 Group S ewes). The final category of progesterone profile ( p i p e 3, bottom panel) included only those ewes that had no evidence of a full-length luteal phase after introduction of the ram. Of course, none of these ewes (3/13 Group S ewes) was mated.
Dlscusslon
That greater propoeions of Group P than Group S ewes were mated upon ram exposure was not surprising. This was consistent with our previous observations (Thayer and Minton, 1987; Minton, 1989) and generally consistent with the study of Nugent et al. (1988) , in which Dorset ewes were more responsive reproductively than Hampshire ewes to ram exposure in May and June. In both the study by Nugent et al. (1988) and the current study, ewes that were more responsive reproductively to ram introduction were generally of genotypes mgnized for a lesser d e p of seasonality. However, in the current study, the relative reproductive success of Group P ewes could not be accwnted for solely by the fact that a greater proportion of this group was cyclic at the onset of the study. In fact, all the anestrous Group P ewes were mated and all but one eventually lambed, clearly outperforming Group S ewes (all of which were anestrous initially) in this regard.
Secretion of LH was evaluated only in ewes known to be anestrous at the time of ram introduction. The acute LH response to the ram was of interest because LH is known to increase rapidly in anestrous ewes upon ram exposure (Martin et al., 1980 19) . At the conclusion of ram exposum and lambing, a greater Proportion (P < .001) of anestmus Group P ewes had been mated and had lambed (9/p and 8/9, respectively) than had Group S ewes (3/13 and 2/13, respectively). hfJNTON the possibility that this increase in the secretion of LH in Group S ewes was short-lived and that the ram-induced drive for secretion of LH waned at some point after the cessation of our bleeding period (discussed subsequently).
The profiles of progesterone after intmduction of the ram provide some evidence for the relative reproductive failure of anestrous Group S ewes compared with anestrous Group P ewes. It is widely recognized that the fmst, and usually the second, ovulation after ram ET AL.
* t T
exposure is not associated with expression of estrus (see Knight, 1983 for review). Estrus is usually not expressed until the third ovulation (after the first full-length luteal phase) in ramexposed, anestrous ewes. Most Group S ewes either had only a single, normal-length luteal phase or failed to have a full-length luteal phase altogether. merefore, these ewes would not be expected to show estrus. In contrast, all the anestrous Group P ewes had two, apparently normal-length, consecutive, luteal Representative profiles of progesterone in anestrous Polypay-sired (Croup P) and Suffolk (Group S) ewes in response to ram exposure. 'Ihc time of ram introduction is denoted by the broken arrow at calendar day 109. The top panel denotes representative profiles containing more than one fbll-lmgtb luteal phast; these profiles were associated with mating (solid arrows). Both ewes represented were mated at the first solid arrow the second solid arrow denotes rcmaling of ewe 6183 only. The type of progestaone response illustratad in tbt top panel included more (P < .01) Group P (9B) than Group S (413) ewes. The middle panel illustrates a representntive profile with only a single full-lcngth luteal phase after ram exposure, charactaistic of 6/13 Croup S ewes. Tbe lower panel illustrates a repnsentativc profile of progesterone with no full-length luteal phase after ram introduction, characteristic of 3/13 Group S ewes. None of the ewes with mgesterone pmfiies Fepnsented in the middle and bottom panels was mated.
time expected for ramexposed anestrous ewes that ovulate two times before exhibiting estrus in association with the third ovulation; the first ovulation is associated with a short luteal phase and the second with a normal-length luteal phase Martin, 1978/1979) .
The factors underlying the inability of Group S ewes to generate more than one fulllength luteal phase (the only type of ovulatory response associated with mating in our study) remain unclear. One explanation may be that, even though the initial LH response to ram introduction was similar to that of anestrous ewes that eventually had reproductive success (Group P ewes), perhaps the secretion of LH waned in Group S ewes so as not to drive consecutive ovulations. Martin et al. (1980) found two of seven Merino ewes that had small LH responses to ram introduction (decreasing to pre-exposure concentrations within about 5 h) and did not ovulate. However, complete ovulation failure did not seem to be the underlying problem in Group S ewes, because 10/13 ewes had at least one normal-length luteal phase (see Figure 3 , top and middle panels). Furthermore, even among the three ewes that did not have a full-length luteal phase (Figure 3 , bottom panel), two had short luteal phases, and ram-induced short luteal phases are associated with ovulation (Knight, 1983) . Thus, if insufficient LH secretion was the underlying problem in Group S ewes, it may have waned on the order of days rather than hours after ram introduction. m AL.
lmpllcatlons
The results of the current study do not support the hypothesis that ewes of some genotypes do not response well reproductively to ram exposure because they do not release luteinizing hormone in response to the ram. At least acutely, the luteinizing hormone response of Suffolk ewes was essentially identical to that of Polypay-sired ewes. However, most Suffolk ewes only had one full-length luteal phase, or, in some cases, had no full-length luteal phase after ram introduction and, therefore, failed to exhibit behavioral estrus.
